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THE CRYSTAL STRUCTURE OF POTASSIUM METAVAHADATE 

MONOHTDRATE, KV03 °H20

By C 0 L 0 Christ, Joan R=> Clark, and H« To Evans, Jr 0

ABSTRACT

K?03-H20 is orthorhombic, Pnam, a ~ 8.15i A, b = 13<>586 , c ~ 3^97 , 

Z = If. A trial structures, established by the use of a -rector shift 

method applied to the Patterson projection on (001), was refined by 

electron density projections including bounded projections, and by 

least squares analysis => In the structure each vanadium atom is linked 

to five oxygen atoms to form a distorted trigonal dipyramidj; the poly- 

hedra so formed share edges to form continuous chains parallel to the 

£ axis* This fivefold coordination is analogous to that -which exists 

in V205 .

ITOQFJCTIOI

When yanadium pentoxide is dissolved in a solution of potassium 

hydroxide, and the solution maintained at a pH between 6.5 and 8, clear 

colorless needles of both potassium metavanadate, KVQs, and its monohydrate, 

KV03 °H20, are readily produced on concentration and cooling*, This pH 

range comprises the so-called "metavanadate" stability range, in 

contrast to the range of pH >10 corresponding to the "orthovanadates", 

the range from pH 8 to 10 corresponding to the "pyrovanadates", and the 

range corresponding to the orange "polyvanadates" from pH 6 0 5 to the 

isoelectric point at pH 1 0 6 at which point brown VgQ^ hydrates precip­ 

itate o The system Na20-V205-H20 ? which, is characterized in a general way
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by the stability ranges referred to, has been the subject of consid­ 

erable study of various workers and by various physical chemical methods   

£_See for example Bullberg (1903)? Jander and Jahr (1933)* Souchay and 

Carpeni (19^6), Dueret (1951)°] Although the reactions involved are 

usually considered to be a series of successive condensations toward 

higher molecular weight complexes with increasing acidity;, no details 

have been established to- date concerning any of the molecular structures, 

or any of the mechanisms involved* In the U» -So Geological Survey 

lab oratories 3 we are making an attempt to approach the problem of the 

constitution and interrelation of the many phases present in the system 

KgG-'YgQs-HgQ by of crystal structure analysis of the solids which 

appear» In this paper the crystal structure of KVO^oHgO is described 

in detail o [_A preliminary account has been given in Christ , Clark, and 

Evans (1953)°! A study of the structure of KVOg has been completed 

and will be described in a forthcoming article  

KfOg and K?Os DHg0 2 although their crystal structures have been 

revealed to be entirely different, are very similar in chemical and 

physical properties and mode of genesis. Both are sparingly soluble in 

cold water and readily soluble in hot water and both have pronounced 

fibrous cleavage  When a potassium metavanadate solution is rapidly 

cooled^ a crystalline precipitate characterised by fine hairlike needles 

appears, which is mainly K?Q3<, As cooling slows at lower temperatures, 

needles of similar habit of KV03°H20 are also formed*, On very slow 

crystallization by evaporation, radiating groups of blunt rods of 

KJG^oE^Q are produced, sometimes simultaneously and in contact with 

stubby 3 pseudo-octahedral crystals of KVOso K?03°HgO apparently converts 

on grinding»
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Ky03°H20 was first recognized by Norblad (1875) and was noted by 

Pock (1889)5 but otherwise to our knowledge is not mentioned in the 

literature e

EXPERIMENTAL WORK 

Preparation of crystals and chemical analysis

At the beginning of this investigation it was believed that the 

two compounds crystallizing in the pH range between 6,5 and 8 were 

polymorphic forms of KV03o The structure analysis , however, soon showed 

clearly that the substance dealt with here was a monohydrate and was 

entirely consistent with a compound of formula KV^°%Oo With this in 

mind it was then possible to resolve the difficulties in chemical 

analysis which arose from the fact that mixtures were being dealt with. 

By very slow crystallization, mixtures were prepared containing crystals 

sufficiently large to ensure efficient separation. An analysis, in 

percent, of the KV(>3 QH20 obtained in this way is given below:

K20 ¥20o HS0 Total

Found: 30.2*1- 58 04o 11. 6> 100,28 
Theoretical; 30 a l8 5& 0 28 11 **$  100.00

Analyst, George B. Magin ? Jroj, U.-S» Geological Survey

A drawing of the typical blunt-rod habit of KVQs *EgQ is given in figure 1 , 

-Space group and unit cell dimensions

Zero and upper level photographs around £pOl] ? made on both 

Weissenberg and precession, cameras and with both zirconium-filtered 

MoK2j(Mo/£r ) and nickel-filtered CuKa(Cu/Ii) radiations , were used to
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establish the lattice type and symmetry,, Systematic extinctions ¥ere 

found to be of the type hOj2, h £ 2n and Ok^, k +/^ 2iu These lead 

to the space groups Pnam (D2ii16 ) or Pna (C%v9) * Visual examination of 

the reflections obtained on rotation patterns made around [pOl] establishes 

that corresponding reflections on all even layer lines are similar, as 

are those on all odd layer lines. It follows that in this structure 

most atoms are situated on planes parallel to (001 ) and c/2 apart. This 

fact suggests that all the atoms lie on mirror planes in the space group 

Pnam, and on this assumption a satisfactory structure has been determined,,

lattice constant measurements were made with a precession camera , 

the crystal to film distance of which had been accurately calibrated by- 

use of a quartz crystal. Patterns of the (WJL) and (Qkj£) zones were 

prepared using Mo/Zr radiation and were corrected for horizontal and 

yertical shrinkages The values of the cell edges derived from these 

patterns were checked against those derived from a powder pattern made 

with Cu/Ni radiation,, The powder data are given in table 1« As KVO 

converts to KVOa on grinding, it was impossible .to prepare a powder 

pattern of KVOa^HaO onlyj the data Qjf table 1 correspond to the mixture 

The crystallographic data for KVOs 'H^O are collected below:

OrthorhOmbic: Space group Pnam 

a = 8.15i + 0.008 A cell contents 

 b = 15.586 + 0*010 density (calc,) = 2*53 g cm" 

c * 3,697 + 0 0 OC& density (obs.) = 2.52 g cm"3

(MoX:Ka= 0.71069 A, Kax = 0,70926 A)
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Intensity measurements

For the intensity measurements multiple film Weissenberg patterns 

using Mo/Zr radiation were prepared., Three films interleayed with 

0 00005 inch Hi foil were used for each exposure. The (hkO) and (hkl) 

zones were recorded from a prismatic crystal having nearly equidimen-

sional cross section, approximately Q»l x Od mm, A comparison sti iP

of intensities was prepared by recording a given reflection from the 

crystal for varying known lengths of time, using the same experimental 

set-up and crystal as was used in preparing the Heissenberg patterns

the 

use of the Lorentz and polarization factor tables of Buerger and Klein

for the hkO's and the Lp chart of Cochran (19^8) for the hkl's 

attempt was made to correct for absorption effects, which were assumed 

to be relatively small owing to the small cross-sectional size of 

crystal used and to use of MoKa radiation.

Other considerations

In the initial stages of the analysis the observed and calculated 

structure factors were related by use of the scaling constant k, where 

k2|F0| = £JFC1 * Subsequently, the relationship k|Fo l = |FC | 

exp C-B(sins9)/X2J was used to fix the absolute scale of the observ 

structure factors, and the value of the coefficient B of the tempe 

factor. For the final values of the coordinates, B = 1 0 22 A2 for 

(hkO) zone and 0»71A2 for the (hkl) zone*

The Hartree atomic scattering curve for 0  was used for the oxygen 

atoms and for the water molecule» For K a scattering curve corresponding

ature 

the



11

to the Thomas-Fermi values for K for (sin9)/X~0«l A~ , and smoothed 

in to f = 18 for (sin9)/X = 0 A*"", was usedo At the beginning of the 

structural analysis a curve prepared in an analogous fashion for ¥' 

was used e It was later found that significant improvement in the agree­ 

ment between calculated and observed structure factors at small (sin0)/A. 

values was obtained when the Thomas-Fermi values for V were used. The 

subsequent refinement was made using these values. All values of the 

scattering factors were taken from the International Tables (1935)

Maxima on the electron density maps used in determining the structure 

were located by the method of Booth (l1

DETERMNATIOI AKD REFINEME1T OF TEE STRUCTURE

The structural problem consists of determining the parameters 

1 potassium, J oxygen, and 1 water in the positions M") of the space 

group Pnam (international Tables, 1935)  The relatively short £ axis 

suggested the use of the Patterson projection on (001) for the det 

of the essential features of this structure, and accordingly this projec 

tion was prepared with the Fj^ol2 values on an arbitrary basis anl the 

(FQool 2 term omitted* Buerger (1951) aas shown ho-w the Patterson 

projection on (001) for a crystal of similar symmetry and dimensions, 

berthierite FeSbaS4 (Pnam, a ~ H.1&, b = 1^ 0 12, c - 5.76 A, Z = k), may

be converted to an approximate electron density map through the us

his minimum function analysis  Buerger"s procedure for FeSbgS4 was

followed for KyOs'HgQ and the approximate/7 (x,y) map shown in figure 2~z~

was obtained,I/ From this map x and y coordinates for the two heavy

I/ It should be pointed out that with the FQQQ term omitted it 
was necessary to contour all the levels of the Patterson map,including 
the negative ones ? in order to finish with a meaningful approximate 

(x ? y) map*

g of
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atoms K and Y were assigned and structure factors F^o calculated
4-

using the same atomic scattering curve for both atoms, that of K 

These coordinates are given in column 1 of table 2, wliieh lists the 

coordinates and discrepancy factor R found for each stage of the 

refinemento Signs calculated on the basis of these coordinates 

permitted the evaluation of f (x^y) using 87 terms. From this map 

coordinates for all the atoms, but not for the water molecule, were 

assigned and a second f (x,y) containing 156 terms calculated.. 

Actually, a peak corresponding to the -water molecule appeared on the 

first /° (x,y) map as well as on the approximate f> (x,y) map derired 

from the Patterson function a As it was believed that the compound 

was anhydrous, this peak was Dismissed as being spurious, and was 

expected to disappear in subsequent electron density refinement, but 

at the completion of the second /° (x,y) map, it was realized that the 

peak was real and that the compound was a monohydrate» This was d*ully 

verified, first, by the completed structural, analysis and subsequently 

by chemical analysis, as has been explained previously * The coordinates 

assigned on the basis of the second f> (x,y) map are given in table 2,

column 2 0 Two successive P (x 5 y) n»ps were then preparedj, the second
z.

of which contained 152 F^^'s, ®& && absolute scale, corresponding to 

all of the non-^ero intensities measured. Parameters derived from this 

last map were then used in fixing the signs of the Fj^d's entering in 

a bounded electron density projection described below,*

All of the atoms are well resolved in the electron density pro­ 

jection f> (x,y) except ¥ and 0II]; » To obtain parameters for thfiise 

atoms and to check the parameters of the other atoms, the projection 

on (001) of the electron density between z ~ 0 and z = a was prepared,



following the method of Booth (19^8)0 The expression for the bounded

projection of interest here has the form
©o

T L  L  FhkO cos 27T(hx + ky)
h k

= 2n + 1

(1) S(x,y)) =

A 4  J  J   z  sin 2|1 OK + ky) 
h k £ £ 
  co

The first sum within the brackets of equation 1 is simply the usual 

electron density projection on (00l)| hence the equation say be 

rewritten as

(2) S(x,y) - 1   2 S '(x,y)

where

(^} qt ( v  \J I o \X } ,

« 2n + 1
oO

h k JL
-00

I
sin 2T(hx + ky)

For the space group Pnam equation (5) reduces to

h -Kk = 2n
(k)

sin cos 27 ky
h k 

0
h + k - 2n oo

FV, cos s:

h k 
0

n 27fky

where

hk

Fhk/,
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In evaluating S'(x,y) the Fj^rt values for £ ^ 1 (H » 2n -J- 

were derived from the F^^ values in the following way; it was assumed 

that within a sufficient degree of approximation the shapes of thes 

scattering curves of the atoms involved are the as that Of some

average reference atom* In the present case the reference scattering
+ 

curve was taken as the average of those of K and Y ? because these atoms

contribute much more to the scattering than do the 0 'atoms, If one 

writes the atomic scattering factor in the form

(ad) « z.

where defines the shape of the reference scattering curve .

for Pnam and z = for the atoms of the asymmetric unit* it folloifs that

hkl Fhkj
g(hkl) g(hkj) g(hk5)

The function S'(x»y) was evaluated with the rttgnitudes of tb 

on an arbitrary seale ? the sigos being calculated from the atomic

then

obtained from the last f* (x,y) map 0 The scale of adjusted

to make the average electron density of the bounded projection zeiro in 

regions where the heavy atoms do not appear in this projection   !0he 

parameters derived from this first bounded projection are given i]i column 

5 of table 2»

The bounded projection used here involves the difference of two 

separate series, the first a cosine series having as coefficients the 

 l?hkQ values and the second a sine series with the (J1̂ ^)/^ values 

coeffielents« Distortion is introduced into the bounded projection if 

two series of unequal length are used, i^e*, if the cosine and siae series 

are not terminated at the same value of (sind)/A.« A second source of

parameters
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distortion will arise if the experimental threshold values of the 

Observed Fi^vtf values are different for the (hkO) and (hkl) zones*, 

If these threshold values are appreciably different, an imbalance in 

the number of terms of small magnitude in each of the two series 

results *

Kith these facts in mind, a second bouncbed projection was emlu~ 

ated. The F^£ values were put in on an absolute basis and no 

term for which (sinQ)A > 0*7 A*"1 was used. For each Fj^ observed 

to be absent, for reflections up to and including (sin0)/X * 0«7 

the experimentally determined threshold value was substituted* This 

second bounded projection, shown in figure 3&* is relatively free 

from distortion and considerably improved in this respect over the first 

one* The f* (x,y) map used in the preparation of this bounded projection 

is shown in figure 3k»

Finally ? a least-squares analysis of the x and y parameters

I I ¥as out using unweighted coefficients, and

on the parameters of column 3, table £* The final parameters are 

in column k, table 2* For Oj, Ojj, and Ojjj these were obtained by 

applying the least-squares corrections* For the K, 7, and %0 parameters 

the data of all of the electron density projections were considered to 

arrive at the best choice. The standard errors associated with the 

oxygen atom parameters obtained from the least-squares analysis are very 

nearly t;he same for 1ihe three atoms j the javemges are Z^" 0«0l6 & and 

£y = 0«0l8 A» It was assumed that the limiting error in the T aitd K 

parameters was that of fixing the peak positions from the electron 

density maps. Assuming this to be a maximum of 0*001 in cycles, the 

corresponding standard errors are £., * 0*00^4- A and S^ «* 0*007 A* The

of Oj, 

based 

given
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above errors lead to standard errors in the bond lengths of approxi­

mately + 0,02 A for V-0 and K-0 "bonds, and + Go 03 A for O~Q bonds  

o The corresponding error in 0-V-O bond angles is about + 1 . The precise

positioning of the H^O molecule was not considered to be of any real 

importance | the standard errors of its x and y parameters are of the 

order of 0.03 A,

Throughout the course of the structure analysis plots of R' vs 

sin ©, as suggested by Luzzatl (1952);, were found to be very helpful 

in deciding -whether the structure was converging   Such a plot based 

upon the final parameters and compared with the corresponding theoret­ 

ical curves of Luzzati indicates a maximum mean error in bond length , 

(Art - 0.0^ A 2 entirely in agreement with the least-squares results 0

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

A pictorial view of the structure of KVOa'HgO is given in figure 5? 

and a projected view in figure ka,* It is seen that each vanadium atom 

is linked to five oxygen atoms to form a distorted trigonal dipyramido 

The trigonal dipyramidal polyhedra share edges to form continuous 

chains parallel to the £ axiSj, accounting for the observed pronounced 

fibrous cleavage o The coordination of oxygen atoms around the vanadium 

atoms is shown in detail in figure 6| the corresponding vanadium- oxygen 

bond lengths and angles and others of importance in the structure are 

listed in table 5* As shown in the projected view of figure 4a ? Oj$, 

®II 9 an^ ^III ~^e a* ^he ver"tices of a triangle containing the vanadium 

atom, which is displaced away from the center of the triangle toward 

the edge OjOjj. The vanadium- oxygen bonds lying in the triangle are: 

V - Oj - Io6j, ¥ - Ojj = 1.67, Y - QITI =  Io99 A. The plane defined
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.6 .
'II

Figure 4a. Structure of KVOo»H20 projected on (001),
^/ A*

Figure 4b. Structure of V2°5 projected on (001), after 
Bystrom et al. (1950).
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Figure 6. Details of vanadium-oxygen coordination for

57081*
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as that plane containing the vanadium atoms and parallel to the _c 

axiSj also contains the Ojj-£ atoms » If the bond lengths V - Oj 

and V - Ojj, and the bond angles Oj - V - QJJJ &nd Oj^ - V - OjII 

were the same,, respectively,, this plane would -then be a plane of 

symmetry* The lengths V - Oj 'and Y - QJJ were found to be 1*63 + 0 0 Q2 

and 1 0 67 + 0 0Q2 A, respectively* A rough statistical calculation 

shows that there is high probability that the V - Ojj bond is truly 

longer than the V ~ Oj bond0 This conclusion is supported by the 

difference in bond angles found = It probable therefore that the 

chain does not conform exactly to a plane of symmetry* Detailed 

examination of the structure shows that the Oj - K and Ojj - K lengths 

are different? K - Oj is 2«T9 ± 0,02 A, and K - On is 3,10 + GoQ2 A, 

Thus, it seems likely that the small departures from planar symmetry 

in the chain are due to packing effects which result in overall lowering 

of the lattice energy   The Om - GUI distance of 2.3^ A is quite 

short and results from strong polarization of these atoms by the 

vanadium atoms   This postulated polarization is in agreement with the

_^4=>c?
vanadium gave better results than did that for ¥°^^ 0

Fivefold coordination in crystals is rare a The only analogous 

situation seems to be that of VgOg (Bystrom et alo, 1950) <> In this 

compound there is a quite similar distorted trigonal dipyramidal poly­ 

hedral chain linkage as may be seen by comparing figs* ^a and ^b 0 The 

chains as found for KVOa ̂ H^O are further linked in YgGs through oscygen 

 atoms to form the more condensed system   The bond lengths of interest 

in the two compounds are compared in table k- a For what has here been 

designated the V - OT bond 3 the length in ?205 (1.77A) is significantly



longer than that in K\TQ3°H20 (1*63 A). This is to be expected 

because in YgQs it is this oxygen atom which links the chains 

together to form sheets <> The bond in Va05 corresponding to the 

Y * Ojj bond of KV%*%0 is quite short, being only 1*5^ A in length, 

and mist therefore be quite highly polarised* The differences in 

the configurations of the chains of the two compounds are such that 

despite the much sumller Y - 0 bond length in YjgOg the smallest 0-0 

separations are nearly the same for the two compounds   The other bonds 

common to the two compounds have wry nearly the same lengths» It is 

interesting that V^gOs is yellow red whereas KyO^°HgO is color less 9 

It is difficult to decide what differences in the bonding of the two 

compounds leads to this difference of absorption in the visible 

spectrum» It is to be hoped that the results of crystal structure 

analysis of other vanadates being carried out in this and other labo­ 

ratories will, permit this question to be dealt with effectively later 0

The K of K?03 °H2Q is surrounded by six oxygen atoms and two water 

molecules In roughly cubic coordination "with the K - 0 bond lengths 

giTen in table 5*

Comparisons of the observed and calculated structure factors for 

the zones (hkO) and (hkl) are listed in tables 5 and 6 S
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Table 1. X-ray powder data for KY03 °H20 and

These data correspond to a mixture of KVOsoEgQ and KV03 
which is obtained when crystals of KVQ3 oH20 are powdered* 
The dfc&jg, values for KVOs'HaO are calculated from the lattice 
constants given in the text; the d^^,values for KY03 are 
derived from the following datas orthorhombic a = 5*70, 
b - 10*825, c ~ 5»22 A 0 The lines were indexed with the 
help of a KV03 powder pattern. Cu/Ni radiation A. = I«54l8 A 
was used* Data listed only for dj^^ > 2 0QO A* The lines 
corresponding to KVOs are so indicated, the other lines 
being due to KV03 °H20<»

Measured Calculated

15 7.00 6«99 HO

5 5*39 5*41 020

5*22 001 KTQs
y 2° 5=22 120

i /x -r f^-i *-\ .-/ <y ,/v"5 fcJL\^

10 5 °910 3,924 120 KV03 

8 3,748 3*756 021

10 3^488 3o495 220 

7 5*262 3.268 111

140
5»12o x TXA ^21

 11 3 024 5 *017 m
-*"1- ^t>U^St -J ^.j.^^ g^Q

13 2.854 2.850 200 K?03 
2 0864 031

201

-n 'o ^An 2 ° 68^ 211
11 2o68° 2.702 151

8 2 607 a ° 6°9 2if°5 2o607 2o6lO ' 002

7 p 526 2,521 220 lOTOg
f ^ 2 0 523 320
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Table 1. Continued

Measured Calculated

hk/

8 2MO a .457 211 KY03

5 2.1*02 2. to 0*U KV03

7 2,5^2 2 a ji*.5 231

7 2,302 2 P 3l8 112

Q P P<S79 2 » 257 2.264 060

1*. 2.179 2 8 l82 160

k 2,125 2.122

3 2.043 2.038
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Table 2    Atomic positional parameters for 

Stage of refinement I/

Parameters s2/ 

V

K

j2/ 1

x 0,07 
y 0,08

y -0^28

X

y

X

y

y

2

0.073 
0.080

iS
-Oo003
Ool98

0.267 
Go 100

-0 0 058

3

Oo082

5:SS
-0*005
Ool95

0.276 
0^095

io:Ss

4 (fin?

0.07^ 
0.082

-0^278

-0.005
0»192

0^096

-0.047

H20 :K Oal25 0 0.119 Q 0 ll8 
y OA20 C

<f^>£t ~\ ft> iVilrl iWCbJU<L> a I i-l£k JL /

_!/ See text for description of stage of refinement.
2/ All atoms in the asymmetric unit at z "4°
_3/ Discrepancy factor*
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Table 3,  Bond lengths and bond angles for KV03 -H20

Bond lengths (A) Bond angles (°)

V - Oj 1 0 63 Oi - V - On 106

Y - 0ZI 1.67 0Z - Y - 0IIZ 128

Y - O'm 1.93 (2) On - Y - 0lJI

v . 0lII 1,99 O' ni - V - O'm

(V-0 bonds + 0.02) Oz - V - O'j-p- 1001

- P'ni 2.75

- 0> III 2 -3^ (2)

(0-0 bonds + 0.03)

K - Oz 2»98 (2), 2.79 (2)

K - 0ZI 3-10 (2)

K - H20 2 0 79 (2)

(K-0 bonds + 0,02; K-H20 bonds + O.C&)

Y - Y 3.1^ + 0.02
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Table k .--Comparison of bond lengths for KV03 °H20 and V205

KV03 °H20 V205

V - Oi 1°63 A 1 0 77 ± OoOJ A

V - Ojj 1 0 67 1 0 5^ + Oo06

V - O'jjj lo9J 1=88 + OoO^

V - OIIT 1.99 2 0 02 + Oo08

( 2 75 2 70III ^"^ °^

°III - °'lll
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Table 5»--Observed and calculated structure factors, hkO 
Values of Fc based on the atomic coordinates of column k, table 2

hkO F

000
200
1*00
600
800
10,0,0
12,0,0

020
040
060
080
0,10,0
0,12,0
0,1^,0
0., 1,6,0
0,18,0
0,20,0
0,,22 ? 0

110
120
139
140
150
T £if\loO
170
1,80
190
1 9 10 5 0
i',n,o
1,12,0
1 9 13 5)0

l,ll*,0
1,15,0

i^rr'o
1,18,0
1,19,0
1,20,0
1,21,0
1,22,0

PIAC-J-AJr

220
230
240

15*4
55*8
63.7

6 a,
7»2

16,6
10.2
.1,6.6

1,05.2
55oO
39*9
28.9
25.9
20 = 7
17 o 7
8.4

56.6
2.1 o-O
3.6

73 oO
13.1

53^2
15 06
2i* B 8
40.2,
22*5
17*7
16.1*

13=3

14 ̂ 3

16 a

it Q It
*T*C3 ^T*

69^6
75 oO
39 °2

30l*
13*5
513

-69,1
7<>8

-liol

I7o9

9*8
-12 nO

"111 06

-46.7
39 D 7
22 a3
2,6 0 2

-29 0 8
- 9o5
"12.7
18.1

82.5
-22.3
- 2o2
-73 08
- 8oO

^6^9
-18 0 £
-19*5

1*506
18.8

-24 .8
10 o5
3*7
8.1

~lo!2
1»6

-12.0
8o9
1.9

- 3o5

69.0
-78 0 7
-3305

250
260
270
280
290
2,10,0
2,11,0
2,12,0
2,13,0
2,ll*,0
2,15,0
2,16,0
2,17,0
2 s 18 ,0
2,19,0
2 3 20 S 0
P PI OC, 5 C.J., 5 U

2,22,0

310
320
330

350
360
^TYl2|U 

380

390

3,11,0
3,12,0
3,13,0
3^11*5,0
3,15,0
3,16,0

3AM3',19,'o

3,20,0
3,21,0
Z. OO A ,/ 9 ^-^ 1 w

410
**20
4-30
khO
4-50

47.4

20.5
**o O o
If, "5 ^

2.1.0
22,3
9.0

25-3
.10.8
8,2

20.5

ll*»l

56,8
1*2 08
18.7
15-9

55.0

1*4^

6.1
12.5
29.4

21.8

16.9

8.2

17o^-

33^3

7P PJ £K- O ^0=

3606
39°7

-^3o9
8.1

.18.9
li ^£ O

38^5
- 3o7

19 o2
21 0 6

- 9^5
- 8.3
-22 08
19*0

- 7.8
-26 a 0

6,5
6.5

13-3
- 3»1*

55 »6
-45.6
-14.5
-1,1.6
- 4.5
-53 o 7

\5o2
0.3

- 5,7
10.2
33oO

- Q 04
-22,4
- l»3
-10 .0

I 4.5
- 2^6

3«6
5.8

16 .4

-29^8

-79-9
41.9

"3^»7
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Table 5 .--Continued

hkO FQ Fc nkO Fo Fc

460 4.1 6,11,0 5°^
470 22,5 l6 0 ? 6,12,0 22.8 -17-9
480 2.2. 6,15,0 9*7
^90 35o8 36*2 6,14,0 20,7 -23=9
4,10,0 5°9 6,15,0 - 1.5
4,11,0 25.1 l8o9 6,16,0 18,2 25.7
4,12,0 24.1 -27o7 6,17,0 1.0
4,13,0 14.6 -1J.6 6,18,0 0.6
4 ? l4,o 4,2 6,19,0 - 3*7
4,15,0 20,5 -17=3 6,20,0 16.1 15°0
4,16,0 - 8 0 3
4,17,0 9.0 - 7»7 710 25.6 -25.5
4,l8 7 o 9,0 17o3 720 6,7 -12.4
4,19,0 10.2 730 12.5 -13-5
4,20,0 - 2*4 7^0 8.2 8o4
4,21,0 15-.6 10.4 750 33°0 35*6

	760 19*2 -25=7
510 23,8 -20.1 770 18.7 17-7
520 4l 0 o -36 0 4 780 14.6 16.8
530 5»l - ^-7 790 10 A
54o 65.5 ~73 0 4 7 3 10,0 14.8 -19-5
550 30.0 29«6 7,ll>0 16.6 -16.6
560 21o8 22d 7*12,0 10.2 l6 0 0
570 21 0 5 20»1 7,13pO 23.0 -19-5
580 - 2.1 7,lM - 6 0 7
590 - 8,1 7A5 ? 0 - 3A
5,10,0 37=9 ^6 04 7»l6,0 6.8
5,11.0 12 0 0 - 8.8 7,17,0 13*3 10=4
5,12,0 9=5 -16*7 7,18,0 3-0
5,13,0 22oO -21.7 7,19 ? 0 l6ol 10 0 8
5,14,0 7°2 - 4.5
5,15,0 3=7 810 11.5 12.8
5,16,0 16.1 -13.8 820 29.2 -38o5
5,17,0 9 = 0 7*5 830 1=7
5,18,0 3o5 840 20.2 23o3
5,19,0 9 0 2 5o2 850 7»0
5,20,0 11.5 13=2 860 11.3 10<>3
5,21,0 4.6 870 - 8,0

	880 11.5 10 *0
610 - 5,3 890 15=9 -13.9
620 0.1 8,10,0 5-1
650 1.4 8,11,0 - 5«^
64o 0.1 8 ? 12,0 17*7 -18.6
650 12.3 -16,2 8,15,0 0»7
660 50.9 57o5 8,14,0 0 6 8
670 7*2 - 8»5 8,15,0 l4 0 3 13.0
680 7=7 6.3 8 s l6,o - 5«6
690 - 3=5 8,17,0 6o3
6,10,0 11=5 -I4o5 8,18,0 l4 0 6 12.7
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Table 5 0  Continued

nkO F0 Fc hkO Fo Fc

910 180? -22 0 9 11,1,0 11.8 9°G
920 20o7 26,1 11,2,0 I4o3 12o3
930 - 2,0 11,3,0 - 8.7
94o 7o2 3.9 11,4,0 20o7 22 0 0
950 18.2 18.9 11,5,0 - 2*9
960 12.0 12.9 11,6,0 - 9-5
970 l6 0 6 19 0 6 11,7,0 l4 0 l -12*6
980 24 0 1 -34.1 11,8,0 - 3o8
990 7*7 - 6.1 11,9,0 8.4
9,10,0 - 3o4 11,10,0 19»7 -23*3
9,11,0 8,2 - 4 0 6 11,11,0 8.2
9,12,0 7o7 - 9=6 11,12,0 7*7
9,13,0 9oO -13o3 11,13,0 6.7

9A5']o 7=0 12,1,0 8.5
9,16,0 10,0 9*6 12,2,0 -10»4
9,17,0 7o2 12,3,0 Oo4

	12,4,0 4,3
10,1,0 7=2 5.7 12,5,0 8 0 4 6o7
10,2,0 8.2 8 0 6 12,6,0 - 9-4
10,3,0 22 0 3 24 0 4 12,7,0 - Io5
10,4,0 8,2 -15.1, 12,8,0 - 3=9
10,5,0 8 0 2 3^8 12,9,0 - 5-9
10,6,0 8 0 2 8o9 12,10,0 7=2
10,7,0 8o2 - 8.6 12,11,0 - 2.7
10,8,0 - 3,0
10,9,0 15o6 -18.5 13,1,0 9=5 8*7
10,10,0 4 0 2 15 5 2,0 7°5
10,11,0 - 7=9 13,3,0 - loO
10,12,0 7.1 13,4,0 - 2 e 8
101^0 Q ft i^^n -11 2JL,\f a -J J n \/ ~J o v f*= aS 9 ^ S ** Hfc=LJ« o t 

10,l4,o - 7*1 13,6,0 7*7
_ A __,__ . ^CQ

	13,8,0 -10ol
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Table 6 0  Observed and calculated structure factors, hkl 
Values of Fr based on the atomic coordinates of column 3, table 2

hkl hkl

201
401
601
801
10,0,1
12,0,1
14,0,1
16,0,1

Oil
031
051
071
091
0,11,1
0,13,1
o , 15 , i
0,17,1
0,19,1
0,21,1
0,23,1

111
121
131
141
151
161
171
181
191
1,10,1
1,11,1
1,12,1
1,13,1
1,14,1
1,15,1
1,16,1
1,17,1
1,18,1
1,19,1
1,20,1
1,21,1
1,22,1
1,23,1

48 06
55-1
21.6
17*3
33-5
9.2

11.9

*
105 08
l4oO
36.7
75-6
23.2
33.5
23.2
28 0 1
19 o4
16.2
l4 0 6

30,8
35.6
34.0
10.8
7*0
9.2
50.2
39-4
34 e O
36,2

25.9
17,8

27.5
8 al
8.6
9.2
13-0

12.4

-51,8
-52.6
20.4
12.7
35 *2
2,8
7.1

-14.8

-24.5
-132. 4

6.8
32,3
78.2
29 o9
-45-3
-19.6
-43.2
29-4
7.9

16.0

-37.1
-36 . 4
34,4
4,5

- 8.5
- 6.9
56.4
57.5

-41,4
31.6
9.6

- 1.5
-31.3

10.0
-28,8
7,8

- 9»9
1.5
9.6
9.2
I0o7
-12.5

211
221
231
24l
251
26l
271
281
291
2,10,1
2,11,1
2,12,1
2,13,1
2,14,1
2,15,1
2,16,1
2,17,1
2,18,1
2,19,1
2,20,1
2,21,1
2,22,1
2,23,1
2,24,1

311
321
331
34i
351
361
371
381
391
3,10,1
3,H,l
3,12,1
3,13,1
3,14,1
3,15,1
3,16,1
3,17,1
3,18,1
3,19,1
3,20,1

58.9
33.5
46.4
35*6
27.0
49-7
15.7
20.0
33.5
18.4

36.2

18.4
25.4
8.1
8.6
18.9

13.5
15.7

13-0

8,6
31.3
29-2
7*0

53-5
8.6

23.2
30.8
14.6
38.3
14.0
18.4
7.6

16.7
8.1
17.8

20.0
9.7

-77.2
-29.2
46 0 i
33.3
-27.8
49,2
12.8
21.3
35*4
-18,8
- 2,0
-38«3
15-3
-19.4
-36.6

7.3
- 3.2
23 ,4
-13.2
l4.i
18.4

- 2,0
5,4

-12.2

- 1.6
-31.0
-23*3
- 0*2
53.1
2.7

-12.7
23.3
37,5
18 o5

-46 0 6
-12,5
-12.3
- 6,7
-19.8
-13.8
11.6

- 0.4
25,2
8.1
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Table 6 0 --Continued

hkl F0 Fc nkl Fo Fc

3 5 25,1 18.4 -26.7 651 13.0 3°2
	661 - 3°6

411 35.6 36.5 671 20.0 . -17.1
421 23 0 2 -16.1 681 - 0,4
431 - 6,3 691 30 0 2 -26,9
44.1 31 0 9 29.4 6,10,1 Oo7
451 45*2 4b«8 6,11,1 28.6 -30.7
46l 48 0 l 51.3 6,12,1 I3o5 - 9°8
471 I7o8 -17«7 6,13,1 19°4 27,3
48.1 21 0 6 15.7 6,i4,i - 6c3
491 - 5,2 6,15,1 18.4 9c8
4,10,1 30-8 -25,4 6,16,1 - 6 0 2
4 s ii,i 11,9 - 4,6 6,17,1 18 B 4 23o5
4,12,1 32.4 -38.4 6,18,1 6,7
4,13,1 9°2 -15.1 6,19,1 ~l4,8
4,14,1 21,6 -21o3 6,20,1 8.0
4,15,1 20,5 28 e O 6,21,1 12 0 4 - 6.8
4,l6,l 14.6 13,3
4,17,1 -15.3 711 15*7 11-9
4,18,1 20,5 20c3 721 28.1 23,6
4,19,1 9.2 15.6 731 11,9 -12.1
4,20,1 11.9 15-7 ?4l 5^.0 3G-6
4,24,1 10 0 8 - 9,5 751 18-4 24.0

	76l 5-9 1-5
511 4l.6 -38,2 771 25.9 -26,9
521 23.8 16.7 781 27.5 -27.1
551 24,3 25,1 791 11*9 17o8
54l 42,7 59,9 7,10,1 24 08 -20 0 9
551 23o2 l4»5 7,11,1 l6 B 7 -23o2
561 9°7 -11.6 7,12,1 14,6 -14^2
571 48 0 i 58 04 7,13,1 7=6 6 09
581 15.7 -11.5 7,1^,1 19-4 23»4
591 30.2 »35»1 7,15,1 - 6 05
5,10,1 25-4 -19.9 7,16,1 22,7 19.0
5,11,1 15.7 -10.1 7,21,1 13=0 - 2.9
5,12,1 14^0 - 3»7
5,13,1 31.3 -42.5 8ll 24 03 26,9
5,14,1 I6o7 15oO 821 15-1 l6 0 2
5,15,1 8 0 6 6,8 831 6,5 - 1,0
5,16,1 8.6 8,2 841 6«5 - 6.3
5,17,1 16,2 16.6 851 23»8 23*3
5,18,1 1.8 86l 14 0 0 - 9»3
5,19,1 l4 0 6 12.4 871 18.9 -19-0

	881 15o7 -14.6
611 i4 06 -19.1 891 17.3 -l^«0
621 - 0*1 8,10,1 7»0 - 2 0 9
631 62.6 75*9 8,11,1 15-1 - 7.6
64l 4 03 8,12,1 16,2 8.8
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Table 6* Continued

8,15,1 - 6o5 11,5,1 10*8 - 5,6
8,14,1 4.3 11,6,1 - 1*5
8,15,1 23.8 29.5 11,7,1 29*7 ""54*8
8,21,1 10,8 -19*7 11,8,1 8.1 4,0

	11,9,1 9-7 H»4
9H 24«3 22*8 11,10,1 8 a 6 12,9
921 17.3 15.3 11,11,1 4.6
931 10*8 12*5 11,12,1 - 6,8
94l 24*8 27.0 11,13,1 20*5 23,3
951 28 0 6 -34.8
961 15pi -15*8 12,1,1 5.1
971 14,0 - 5*5 12,2,1 7.9
981 16,7 -16.1 12,5,1 19*4 -21.4
991 20*5 -22*4 12,4,1 - 6*5
9,10,1 17-3 -20,3 12,5,1 - 0*7
9,11,1 23,8 28,5 12,6,1 9,2 - 4*5
9,12,1 5*9 12,7,1 - 7-5
9,13,1 9*2 3,9 12,8,1 - 7*7
9,14,1 l8 0 9 18,8 12,9,1 12.4 8*5
9,15,1 9»7 8,8 12,10,1 1.2
9,1^,1 12.0 12,11,1 8,9
9A7,l 10-5 -10.5 12,12,1 12.4 9*5
9,18,1 0.7
9,19*1 13*0 -13.7 13,1,1 1-6

	13,2,1 17-3 -19.5
10,1,1 16*7 -24*3 13,3,1 3 .-5
10,2,1 l4 0 6 7.1 13,4,1 9«2 -10.8
10,3,1 14.6 15 0 2 13,5,1 9-2 -12.9
10,4,1 11*3 - 7»0 13,6,1 9.2 -12.2
10,5,1 H.3 -13*9 13,7,1 6.1
10,6,1 23 0 2 -25*4 15,8,1 15*5 15*4
10,7A - 2o2 15,9,1 - 8*2
10,8,1 17.8 -12.7 13,10,1 5.9
10,9,1 2.6 13,11,1 13-0 15*2
10,10,1 14*0 10*3
10,11,1 - 9°5 14,1,1 l4 0 6 -21.1
10,12,1 17,3 I3 0 o 14,2,1 - 6*5
10,13,1 12*1 14,3,1 - 6*1
10,14,1 13*5 11.1 14,4,1 0*3
10,15,1 - 5o2 14,5,1 9-2 -15,1
10,16,1 8*6 - 7.9 l4,6,l - 4 a Q
10,17,1 11.4 14,7,1 5.1
10,18,1 10,8 - 7,8 14,8,1 1*3

	14,9,1 10..8 15.0 
11,1,1 25.9 24*6
11,2,1 12 0 4 -14*9 15,1,1 9*2 -11,3
11,3,1 7*6 - 8*8 15,2,1 9»2 -10,8
11,4,1 13 Q 5 -14*4 15,3,1 - 7.1

	15,4,1 10*8 -11*1
	15,5,1 13*0 18*3 

*Not registered* 15,6,1 0*3
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